SF  298  MASTER  COPY 


KEEP  THIS  COPY  FOR  REPRODUCTION  PURPOSES 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  NO.  0704‘0188 


gaihenng^and  inslructioos.  SMrching  existwig  data  sources, 

collection  of  information,  including  suggestions  for  reduSng  Jhs  burdefTto  WaShiSS  burden^wnates  or  any  other  asoect  of  this 

_ °av.s  Highway.  Su„.  ,204.  Arl^onTA  S 

1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  Ts.  REPORT  TYPE  AND  DATES  COVERED - 

- - -  I _ _ _ I  Final  Report,  12/1/95  -  11/30/97 

T  *  '  5.  FUNDING  NUMBERS 

Mathematical  Analysis  of  Problems  in  Turbulence  and 

Turbulent  Diffusion  with  Many  Statistical  Scales  DAAH04-95-1-0345 

6.  AUTHOR(S)  - - - - - - 

Andrew  J.  Majda 


7.  PERFORMING  ORGANIZATION  NAMES(S)  AND  ADDRESS(ES) 
Courant  Institute  of  Mathematical  Sciences 
New  York  University 
251  Mercer  Street 
New  York,  NY  10012 

SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS{ES) 

y.S.  Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-221 1 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


/tdo 


11.  SUPPLEMENTARY  NOTES  ““  - - - - - - * - - - - - - 

In  and/or  findings  contained  in  this  report  are  those  of  the  authors)  and  should  not  be  construed  as 

an  official  Department  of  the  Army  position,  policy  or  decision,  unless  so  designated  by  oSocur^^^^^^^ 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 


12  b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  unlimited. 


13.  ABSTRACT  (Max/mo/n  2(10  woftte/  ‘ 

^e  research  program  being  funded  here  emphasizes  problems  in  turbulence  and  turbulent 
diffusion  which  are  inherently  statistical  and  involve  many  spatio-temporal  scales. 

?rLct?Lfd.5f  ^  I’^^ter  theoretical  understanding  of  turbulent 

(reaction)  diffusion  which  is  crucial  for  many  applications  in  environmental  science 

engineering  such  as  the  tracking  of  pollutants  in  the  atmosphere,  the  behavior  of 
chemical  tracers  in  the  ocean  and  porous  media,  and  turbulent  combustion.  Other  parts 
f  the  research  emphasize  the  interaction  and  generation  of  both  small  scales  and  large 

!nH  H  various  anisotropic  turbulent  flows  from  both  a  statistical 

and  deterministic  point  of  view.  The  approach  to  all  of  these  issues  involves  a 
combination  of  asymptotic  analysis,  numerical  computation,  and  theoretical  analysis  to 
gain  insight  into  these  complex  and  Important  phenomena. 
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4.  Scientific  Progress  and  Accomplishments 

During  the  period  of  the  grant,  one  large  effort  by  Majda  involved  novel  wavelet  methods 
for  Monte  Carlo  simulation  of  turbulent  difiusion  with  random  velocity  fields  having  many 
spatial  scales.  Majda  and  Elliott  [(10)]  have  applied  these  methods  to  verify  Richardson’s  t^  law 
for  pair  dispersion  over  eight  decades  of  separation  with  an  accurate  preconstant  over  these  same 
eight  decades  with  the  velocity  field  defined  through  Taylor’s  hypothesis;  these  are  the  first 
simulations  checking  Richardson’s  law  for  more  than  one  decade  of  separation.  Majda  has 
worked  with  his  post  doc,  Homtrop,  on  Fourier-based  wavelet  Monte  Carlo  methods  for  turbulent 
transport  which  are  more  flexible  and  suitable  for  random  fields  generated  by  waves.  Homtrop 
and  Majda  have  also  used  exactly  solvable  models  to  demonstrate  subtle  numerical  issues  with 
conventional  Monte  Carlo  algorithms  ([4],  [6];  to  appear  [4]).  During  this  granting  period,Majda 
and  his  research  group  have  also  established,  both  rigorously  and  practically,  that  the  “successive 
random  addition  algorithms”  for  generating  fractal  random  fields,  which  are  very  popular  in  the 
physics  community,  cannot  be  consistent  with  a  stationary  Gaussian  fractal  field. 


Another  major  effort  by  Majda  and  his  collaborators  has  been  to  provide  the  first 
unambiguous  check  of  the  G-closure  procedure  for  turbulent  combustion  as  compared  with  the 
rigorous  renormalization  theory  developed  recently  by  Majda  and  Souganidis.  For  small  scale 
turbulence  defined  by  shear  flows,  there  are  both  regimes  of  success  for  the  G-closure  method 
and  also  regimes  of  strong  underprediction  of  the  flame  speed  through  G-closure.  Majda  and 
Souganidis  ([13])  have  developed  the  first  upper  bounds  for  turbulent  combustion  with  fractal 
velocity  fields.  Also,  Majda,  Embid  and  Souganidis  ([15])  have  shown  through  systematic 
unambiguous  models  that  the  Huygen’s  principle  for  large  scale  flame  propagation  can  be 
violated  strongly  even  for  F-K-Z  chemistry  at  high  activation  energies;  the  true  large  scale  flame 
front  dynamics  are  governed  instead  by  a  variational  inequality,  as  developed  earlier  by  Majda 
and  Souganidis  for  K-P-P  chemistry. 

As  regards  fluid  dynamics,  Majda  has  continued  his  work  on  singular  solutions  for  the  3- 
D  Euler  equations  as  well  as  related  models  ([12],  [14]).  With  his  post  doc,  Marcus  Grote,  he  has 
also  developed  new  model  dynamics  which  display  vertical  collapse  in  strongly  stratified  flows 
([7],  [8]).  Majda  has  also  developed  the  first  models  with  D.  McLaughlin  and  E.  Tabak  where 
dispersive  wave  turbulence  can  be  checked  in  an  unambiguous  fashion. 
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